Research of 6.835GHz Microwave Devices in Miniaturized Rubidium Atomic Clock by 魏秀燕
 
学校编码：10384                                     分类号      密级        




硕  士  学  位  论  文 
用于微型铷原子频标中 6.835GHz 微波器件的研究 
Research of 6.835GHz Microwave Devices in 
Miniaturized Rubidium Atomic Clock 
魏秀燕 
指导教师姓名：郭航  教授 
专  业 名 称：微电子学与固体电子学 
论文提交日期：2014 年  月 
论文答辩时间：2014 年  月 
学位授予日期：2014 年  月 
  
答辩委员会主席：           
评    阅    人：           
 
































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的资助，




























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于 
   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















摘  要 
I 














第二，通过研究 MEMS 电感来代替铷原子频标中的谐振腔来提供 6.835GHz 的微
波信号。从数值和理论上对 MEMS 电感线圈进行分析设计，得出当电感的线宽 30um,
间距 20um，线高 6um，内径 550um，外径 710um 时，频率达到 3.417GHz。利用 MEMS





对 MEMS 电感的微电镀铜实验步骤做了详细讨论，得出当电镀液温度取 40℃，电镀时

















Because of the simple structure, small shape, light weight and excellent stability, 
Rubidium standard has been widely used in many feields. Due to the rapid development of 
MEMS technology, to miniaturize the rubidium atomic frequency standard has been a major 
research in many countries. As the quantum part in the rubidium atomic clock needs a 
6.835GHz microwave signal, this paper research the microwave cavity and MEMS coil to 
launching the microwave signal. Electroplating technology in the MEMS coil manufacturing 
process is also researched in this paper. The thesis is mainly divided into the following three 
parts. 
Firstly, The 6.83GHz microwave cavity in miniaturized rubidium atomic frequency 
Standard is designed and analyzed. Electromagnetic fields in the microwave cavity are 
analyzed，relationship of the resonance frequency and the size of the field excitation probe 
are studied. The Ansoft HFSS software is used to simulate the electromagnetic distributions 
in microwave cavity. Based on these, the microwave cavity is manufactured. By using the 
vector network analyzer, the S11 parameters for the microwave cavity filled with different 
thickness of aluminum oxide ceramics are acquired. Tested results demonstrate that the 
electromagnetic field mode is TE101 when the resonance frequency reaches 6.83GHz, and the 
size of cavity is 12mm×15mm×18mm with the thickness of filled aluminum oxide ceramics 
(96%) of 5.66mm. The volume of the developed 6.83GHz microwave cavity is 3.24cm
3
, 
about 1/3 of the volume of the conventional unfilled cavity. It fits very well for loading the 
MEMS-based rubidium filter cell and absorption cell for miniaturized rubidium atomic 
frequency standards. 
Secondly, the MEMS coil is researched to replace the microwave cavity in the rubidium 
atomic clock. Coil value is calculated using three simplified formula of the inductance 
(Wheeler’s formula, approximate formula of current, fitting formula of numerical value). 
Then , the structure parameters of the designed MEMS exciting inductance is simulated By 
HFSS. Based on the parameters, MEMS coil is manufactured using MEMS technology and 
the fabrication processes. It can be shown that Q value reaches its maximum value at the 















Finally, Electroplating technology in the MEMS coil manufacturing process is 
researched. The principle of the electrocoppering is introduced, and the effect of the plating 
parameters including temperature, PH value, current density, complexing agent and the time 
is invastigated. The structure and electroconductibility are charaterized by XRD, SEM and 
four-probe arrangement. Based on the parameters (temperature is 40℃, time is 27.2mA, 
current density is 1 2A dm ), the planar inductor is successfully fabricated, and the quality of 
cladding material is fine. 
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